Abstract: During the last decade, wireless sensor networks (WSNs) have gained increasing attention for both the research community and actual users. The sensor nodes are mostly battery operated devices, the critical aspects to face concern how to reduce the energy consumption of nodes by using hierarchical clustered approach, so that the network lifetime and scalability can be extended. The key objective of this paper is to present a new distributed stable cluster head election (DSCHE) protocol to predict the network lifetime and stability of heterogeneous WSNs. In DSCHE, the cluster heads are selected by a weighted probability based on the ratio between residual energy of each node and the average energy of the network. The nodes with high initial and residual energy will have more chances to become the cluster heads as compared with other nodes with low initial and residual energy. The simulation results show that DSCHE balances the energy consumption better than the conventional existing routing protocols and also achieves longer network lifetime and stability in heterogeneous environments.
Introduction
Recent innovations made in the field of electronics and wireless communication have fostered the rapid development of wireless sensor networks (WSNs). A WSN is defined as being composed of a large number of nodes which are deployed densely in close proximity to the phenomenon to be monitored. Each of these nodes collects data and routes the same to the base station (BS). The networks possess self-organising capabilities since the positions of individual nodes are not predetermined. Cooperation among nodes is the dominant feature of this type of the network, where groups of nodes cooperate to disseminate the information gathered in their vicinity to the user (Romer and Mattern, 2004; Akkaya and Younis, 2005) .
Due to the recent development in WSNs, most of the energy efficient clustering-based routing protocols performs efficiently when applied to homogeneous WSNs, whereas, they do not perform effectively in heterogeneous WSNs because of the different architecture of the nodes and the different constraints of heterogeneous WSNs. Recently heterogeneous WSNs receive more attention than homogeneous WSNs, because if we look at real world applications, heterogeneous WSNs will be a better option than homogeneous WSNs in the majority of applications. For example, in the battlefield sensor nodes need to be equipped with different energy resources in order to perform multiple tasks.
The main aim of this paper is to present and evaluate a novel distributed stable cluster head (CH) election (DSCHE) routing protocol for heterogeneous sensor networks, which can increase the network lifetime by balancing sensor node energy consumption. DSCHE lets each node expend energy uniformity by rotating the CHs role among all sensor nodes. In DSCHE, the CHs are selected by a weighted probability based on the ratio between the residual energy of each node and the average energy of the network. The rotating epoch for each node is different according to its initial and residual energy. The nodes with high initial and residual energy will have more chances to be the CHs per round. Thus, simulation results show that DSCHE achieves longer stability and network lifetime than other existing clustering protocols in heterogeneous environments.
The structure of this paper is organised as follows. In Section 2, related work is outlined. The proposed protocol is explained in Section 3 and the performance evaluation is given in Section 4. Finally, Section 5 concludes the paper.
Related work
There are two types of clustering schemes used in WSNs-homogeneous schemes and heterogeneous schemes. Most of the clustering schemes are homogeneous, viz., low-energy adaptive clustering hierarchy (LEACH) (Heinzelman et al., 2002) , power-efficient gathering in sensor information system (PEGASIS) (Lindsey and Raghavendra, 2002) , and hybrid energy-efficient distributed (HEED) clustering (Younis and Fahmy, 2004) .
A distributed energy saving clustering algorithm which is called BPEC proposed by Jianbo et al. (2002) . In this algorithm, CHs are selected by two probabilities. First is based on the ratio between average residual energy of neighbor nodes and its residual energy and second is the node's degree. By using this algorithm, the entire network broadcasting complexity is O(n), the entire network computing complexity is O(1). The results show that when the network has a higher communication coverage density, analytical and experimental results are very close. energy-efficient hierarchical clustering algorithm (EEHCA) (Xin et al., 2008 ) adopted a new method for CH election, which avoid the frequent election of CHs. A new concept of backup CHs is introduced which improves the performance against LEACH and HEED, in terms of network lifetime. An energy efficient hierarchical data gathering protocol, called EDGA adopts weighted election probabilities of each heterogeneous sensor node to become a CH which better handle heterogeneous energy circumstances (Mao et al., 2009 ). The results demonstrate that EDGA significantly outperforms LEACH and HEED in terms of network lifetime. Bari et al. (2008) discussed a new CH election problem based on a set of coverage-aware cost metrics which favor nodes deployed in densely populated network areas. The coverage-aware election of CH nodes, active sensor nodes and routers in clustered WSN increases the lifetime as compared with traditional energy-based election methods. Song et al. (2009) presented an important corona model to maximise the network lifetime by using maximal transmission range of sensors into different levels. The nodes belong to the same corona have the same transmission range, whereas different coronas have different transmission ranges. Shiue et al. (2009) discussed a short survey on the main techniques used for energy conservation in WSNs. The main focus is primarily on duty cycle scheme which represents the most suitable technique for energy saving.
Wei (2006) presented a modified clustered WSN protocol in which a CH has a higher burden than that of member nodes making it drain energy much more quickly than member nodes. Rotating the CH role distributes this higher burden among all the nodes, thereby preventing the CH from dying prematurely, but still it is faulty and the performance metrics are complex. Stefano et al. (2008) proposed a novel energy-efficient centralised clustering algorithm for WSNs. This algorithm generates a set of possible clustering alternatives, which helps in finding the optimal clustering and present a performance evaluation of the proposed scheme by using two performance metrics max-min and max-sum. They found that max-sum improves the system lifetime performance over low energy adaptive clustering hierarchy-C (LEACH-C). These protocols perform poorly in heterogeneous environments because the low energy nodes die quickly than the high-energy nodes and they are unable to treat high-energy node discriminatorily in terms of energy discrepancy.
Recently, heterogeneous WSNs are becoming more popular among researchers to meet the demands of various applications. Many energy efficient protocols are designed effectively for heterogeneous networks are based on clustering schemes, which are effective in energy saving (Kumar et al., 2010; Enrique et al., 2002; Wei-Peng et al., 2003; Lihua and Cao, 2004) . Vivek and Catherine (2004) compared homogeneous and heterogeneous WSNs for single-hop clusters. They proposed a method to estimate the optimal distribution among different types of sensor nodes, but again this result is hard to use if the heterogeneity is due to the operation of the network. They have studied the case of multi-hop routing within each cluster. The main drawback of this method is that only powerful nodes can become CHs.
Stable election protocol (SEP) (Smaragdakis et al., 2004) and energy efficient heterogeneous clustered scheme (EEHC) (Kumar et al., 2009) select CHs based on the weighted probability of each node related to the initial energy, the more initial energy, the higher probability the node will be selected as a CH. Distributed energy efficient clustering (DEEC) considers the residual energy as a factor of CH election, which is an effective in terms of energy saving (Qing et al., 2006) . Zhou et al. (2010) presented a novel model with energy and computational heterogeneity is proposed for heterogeneous WSNs, in which the CH selection process is based on a method of energy dissipation forecast and clustering management which is called EDFCM. EDFCM balances the energy consumption rate in all sensor nodes better than the existing protocols and also prolongs the stability and lifetime of the WSN.
DSCHE: the proposed protocol
In this section, we describe the details of DSCHE protocol. It is specially proposed for heterogeneous WSNs to prolong the network lifetime and stability. In DSCHE, we use the weighted probability based on the ratio between residual energy of each node and the average energy of the network to select the CHs. The network is organised into a clustering hierarchy, and the selected CHs send the aggregated data to the BS, which is often far away from the sensing field. DSCHE assume that N sensor nodes are uniformly deployed within a M × M square region as shown in Figure 1 , including normal, advanced and super nodes. We denote a normal node with (0), an advanced node with (+), a super node with ( * ), and the BS with (×). This type of network can be used to monitor remote environment. We assume that the hardware of advanced and super nodes is more complicated than those of normal nodes in terms of energy heterogeneity. The heterogeneous network composed of three types of nodes, i.e., advanced nodes, super nodes and normal nodes. The total number of nodes in the network is denoted with N . Let E 0 is the initial energy of the normal nodes, and m refers the proportion of advanced nodes among normal nodes, which own α times more energy than the normal nodes. c denotes the fraction of super nodes among advanced nodes, which own β times more energy than the normal nodes. Thus, there are m × N advanced nodes equipped with initial energy E 0 × (1 + α), m × c super nodes are equipped with initial energy E 0 × (1 + β), and remaining (1 − m)N normal nodes equipped with initial energy of E 0 . Therefore, the total initial energy E tot of the heterogeneous network is given by equation (1).
where
Optimal clustering
We use the same radio model discussed by Heinzelman et al. (2002) for the radio hardware energy dissipation. Assume that the distance between transmitter and receiver is d, the energy consumed for transmitting L bit data from transmitter to the receiver is given by equation (2).
where E elec is the amount of energy consumption of the wireless circuit for sending and receiving data. The parameters ϵ mp and ϵ f s is the amount of energy dissipates per bit in the radio frequency amplifier which depends on the distance d 0 . The cost of energy required for receiving this data is given by equation (3).
We assume that the N nodes are uniformly distributed in an M × M square region and the BS is located at the centre of the network for simplicity. Each non-CH node sends data to the selected CH node. Therefore, the total energy dissipated in the network per round is given by equation (4). In heterogeneous sensor network, the energy dissipation structure of each type of node is different per round as shown in Figure 2 .
where k represent the number of clusters, E DA is the energy required for data aggregation, d BS is the average distance between the CH and the BS which is given by equation (5) and d CH is the average distance between the cluster members and the CH which is given by equation (6) (Kumar et al., 2009) .
By setting the derivative of E r with respect to k to zero, we obtain the optimal number of constructed clusters which is given by equation (7). 
D. Kumar
By using equations (5) and (7), we derive the optimal probability of a node to become a CH, p opt , which is given by equation (8).
Substituting equations (5) and (7) into equation (4), we can obtain the energy dissipated per round.
Stable CH election algorithm based on residual energy
In LEACH, during the set up phase, each node generates a random number between 0 and 1. If this random number is smaller than the threshold value, T (s), which is given by equation (9), then the node becomes a CH for the current round. During each round, new CHs are elected and as a result balanced load energy is distributed among the CHs and other nodes of the network.
where p opt is the desired percentage of CHs, r is the count of current round, G is the set of sensor nodes that have not been CHs in the last 1 popt rounds. The first improvement in equation (9) of a LEACH protocol is inclusion of the residual energy level available of node. It can be derived by reducing the threshold, denoted by equation (9), relative to the ratio between residual energy of each node and the average energy of the network which is given in equation (10).
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where E i is the current residual energy of each node and E avg is the average energy. This modification of the threshold equation has a drawback. After certain number of rounds the network is stuck, however there are still alive nodes available with enough energy to transmit data to the BS. The reason is that the remaining nodes have a very low energy level which makes the CH threshold level too low. To overcome this problem, a further modification of the threshold equation (10) has been done. Equation (10) is expanded by a factor that increases the threshold for any node that has not been CH for the last 1 pi rounds. Hence, the new modified threshold is given by equation (11).
where r s is the number of consecutive rounds in which a node has not become CH. When r s reaches the value 1 pi the new threshold is rest to the value it had before the inclusion of the residual energy into equation (9). Therefore, the chance of each type of node to become a CH increases because of a higher threshold.
In DSCHE, ρ i denotes the number of rounds to be a CH for the node s i (i = 1, 2….N ) and we refer to it as rotating epoch. In LEACH type homogeneous algorithms, each node becomes a CH once every ρ i = 1 popt rounds. Initially all the nodes cannot possess the same residual energy when the network evolves. The energy will be not well distributed among the nodes if we consider the rotating epoch is same for all the nodes as discussed in LEACH. Hence, the low energy nodes will die more quickly than the high energy nodes which cause instability in the network. To overcome this problem, we choose different epoch (i.e., ρ i ) based on the residual energy E i (r) of each node per round.
Assume p i = 1 popt as the average probability of each node to be a CH during ρ i rounds. Nodes which have the same amount of energy at each epoch, choose the average probability p i to be p opt , can ensure that there are p opt × N CHs per round and therefore, all nodes die approximately at the same time. If the nodes have different amount of energy, then choose p i should be greater than p opt . Therefore, the average energy E avg at round r is given by equation (12).
Each node should have the knowledge of the total energy of all the nodes in the network. By using E avg as the reference energy, we can derive equation (13) to compute the optimal number of CHs per round per epoch.
In homogenous WSNs, all the nodes are equipped with the same initial energy, thus nodes use the same value p opt to be the reference point of p i . In heterogeneous WSNs, the reference value of each node should be different according to the initial energy. Thus, in DSCHE, we replace the reference value p i with the different weighted probabilities given in equations (14) to (16) for normal, advanced and super nodes (Kumar et al., 2010) .
where p n , p a and p s are the weighted probability for normal, advanced and super node. Substituting equations (14) to (16) into equation (11) to derive new thresholds for T (s in ) normal, T (s ia ) advanced and T (s is ) super nodes which are given by equations (17) to (19). The new thresholds are correlated with initial energy and residual energy of each node directly.
where T (s n ), T (s a ) and T (s s ) are given in equations (20) to (22).
Cluster formation phase
During this phase, each non-CH node has decided to join the closest CH node based on the received signal strength of the advertisement message. After this the sensor node must inform the CH node that it will be a member of the cluster by sending the short join message. Each sensor node transmits this information back to the CH again using a CSMA MAC protocol. During this phase, all CH nodes must keep their receivers on.
The CH node receives all the messages form its member nodes. Based on the member nodes in the cluster, the CH node creates a TDMA schedule telling each node when it can transmit.
Data communication phase
Once the clusters are formed and the TDMA schedule is fixed, the data communication phase can begin. The active sensor nodes periodically collect the data and transmit it during their allocated transmission time to the CH. The radio of each non-CH or member node can be turned off until the node's allocated transmission time which minimises the energy consumption in these nodes. The CH node must keep its receiver on to receive all the data from the member nodes in the cluster. When all the data has been received, the CH nodes aggregate the data and route this aggregated data packets to the BS.
Traffic model
The network traffic model depends on the network application and the behavior of sensed events. The process of data reporting in WSNs is usually classified into three categories:
1 time driven 2 event driven 3 query driven.
In the time driven case, sensor nodes transmit their data periodically to the BS. Event driven networks are used when it is desired to inform the BS about the occurrence of an event. In query-based networks, BS sends a request of data gathering when it is needed. The time driven scenario is the main focus in DSCHE protocol.
Performance evaluation
In this section, we evaluate the performance of DSCHE protocol through simulation experiments and compare DSCHE with three other clustering-based protocols -LEACH, SEP and EEHC by using MATLAB. In the simulation, we use the same MAC layer and error free communication link as applied in many previous works (Heinzelman et al., 2002; Kumar et al., 2009) . The simulation parameters are listed in Table 1 . The network performance measures such as network lifetime and stability are the criterion for evaluating the performance of energy efficient clustering protocols. In the simulation experiments, we measure the stability in terms of the number of rounds until the first node dies. This is because a certain area cannot be monitored any longer when some nodes deplete energy completely. Figure 3 is the illustration of the relationship between the number of nodes that die and the working time of the network. It is clear that numbers of nodes alive in DSCHE are more than LEACH, SEP, and EEHC at the same time because DSCHE consider initial energy and residual energy into account at the selection of CHs. We also observe that LEACH fails to take full advantage of the extra energy provided by the heterogeneous nodes. The stability period of LEACH is very short and nodes die at a steady rate because LEACH treats all the nodes without discrimination. Furthermore, SEP and EEHC have longer stability period against LEACH because of discriminating all nodes according to their initial energy. Hence, DSCHE extends the network lifetime against LEACH, SEP, and EEHC. In Figure 4 , we study how the performance of each protocol varies with the change in m, c, α, and β, respectively. Comparing the performance of DSCHE with LEACH, SEP, and EEHC when the first node is dead, we clearly observer that DSCHE increase the network stability by a factor of 20%, 15% and 10% against LEACH, SEP and EEHC respectively. It is also found that EEHC performs better than SEP and LEACH protocols but the unstable region of EEHC is more than DSCHE which means that DSCHE is more energy efficient protocol for heterogeneous WSNs. Figure 5 indicates that the number of data packets received by the BS during the network lifetime is more in DSCHE against LEACH, SEP and EEHC respectively. The main reason is that these protocols (i.e., LEACH, SEP, EEHC) cannot select the CHs in the large number of rounds especially after the death of first alive node. When there are no CHs selected in some rounds, the data packets cannot be transmitted to the BS. Clustering is a predominant method in WSN for prolonging the network lifetime and stability. One of the key issues for achieving the extended network lifetime is the selection of CHs. In this paper, we present a new DSCHE routing protocol for heterogeneous sensor networks, which can increase the network lifetime and stability by balancing sensor energy consumption. In DSCHE, each node independently select itself as a CH based on its assigned weighted probability, which is the ratio between residual energy of each node and the average energy of the network. Our simulation results indicate that DSCHE balances node energy consumption very well and substantially increases network lifetime much better than three other clustering-based protocols, viz., LEACH, SEP and EEHC. The selected CHs in DSCHE currently send data to the BS with a single-hop communication link. This may limit its application in a large WSN where not all the nodes can reach the BS directly. Therefore, a long single-hop communication link is relatively low energy efficient due to long haul transmission impairments. Our future work will consider extending DSCHE to a multi-hop scenario so that it can save energy and be applied in large WSNs.
